Statistical tests have been used to adjust the Zemmouri seismic data using a distribution function. The Pareto law has been used and the probabilities of various expected earthquakes were computed. A mathematical expression giving the quantiles was established. The extreme values limiting law confirmed the accuracy of the adjustment method. Using the moment magnitude scale, a probabilistic model was made to predict the occurrences of strong earthquakes. The seismic structure has been characterized by the slope of the recurrence plot Ȗ, fractal dimension D, concentration parameter K sr , Hurst exponents H r and H t . The values of D, Ȗ, K sr , H r , and H t diminished many months before the principal seismic shock (M = 6.9) of the studied seismoactive zone has occurred. Three stages of the deformation of the geophysical medium are manifested in the variation of the coefficient G of the clustering of minor seismic events.
INTRODUCTION
The seismic phenomenon is supposed to be the result of a complex stochastic process. Several probabilistic models for earthquake occurrence in different seismoactive zones of the world are currently available (Console et al. 2003 , Ogata et al. 2003 , Zhuang et al. 2004 . Baddari et al. (2013) presented the results of estimation of seismic moment values of a prescribed exceedence probability of the seismoactive zone of Zemmouri in Algeria using the moment magnitude distribution. Physical and statistical models were provided to study the earthquake clustering phenomenon (Kanamori 2004 , Aitouche et al. 2013 , Baddari et al. 2015 . The principal approach in predicting macrofailure in relation to earthquake forecasting was based on the Poisson law (Zavyalov 2006 , Baddari et al. 2011 . The common property to all these seismic models is that the earthquakes occurrences have a stochastic nature. The Gutenberg-Richter law (GRL) was treated in probabilistic terms to study the seismicity and the structure of Earth's interior (Evison 1999, Lavanda and Cipollone 2000) . Therefore, the GRL is regarded to be of high accuracy for large space-time sizes in the diapason of small and moderate earthquake magnitudes. Several methods are used in earthquake science to describe their physical processes. The earthquake, in laboratory experiments, is associated to a process of evolution and concentration of microruptures at various scales to give place finally to a main macrorupture inducing the instability and the destruction of the medium (Sobolev and Ponomarev 2003 , Baddari et al. 1999 , 2012 . The random distribution of the ruptures in the stress field can be approached using the Poisson distribution (Zavyalov 2006 , Baddari et al. 2011 . Self similarity of seismic regime has been raised by Fukao and Furumento (1985) , Crownover (1995) , Baddari et al. (1996) , Caneva and Smirnov (2004) . One of the forms of self similarity can be expressed by the slope of the curve of recurrence and the fractal dimension of the earthquakes' spatial distribution. The evaluation of the statistical parameters defining the seismic regime reflects the evolution of the physical process in the Earth crust.
The present paper suggests the elaboration of probabilistic and statistical characteristics for the Zemmouri seismoactive region based on the adjustment tests, the extreme values limiting law and some statistical parameters of the seismic regime. The extreme values limiting law was applied to demonstrate that the Pareto law belongs to the attraction field of the Fréchet law and to confirm the accuracy of the adjustment method that has been conducted. We present the results of estimation of seismic moment values of a prescribed exceedance probability of the seismoactive zone of Zemmouri in Algeria using the moment magnitude distribution. Once the three distribution functions of these notions are defined, they will be used to calculate the probability of exceeding a threshold, which allows us to estimate or not the occurrence of a strong earthquake. Some regularities in seismic regime have been studied during the preparation and development of dynamic events. The time-space behavior of the slope of the recurrence plot Ȗ, fractal dimension of the hypocenter set D, the relationship D-3Ȗ, crack concentration parameter K sr , and the Hurst exponent H in field experiments in Zemmouri seismoactive zone have been analyzed as well.
INPUT DATA AND METHODOLOGY
We studied the seismic activity extending between 1.8°-5° E and 34.5°-37.5° N of the Zemmouri area (Northern of Algeria) during the period 1980-2003. The aftershocks were eliminated from the catalogue. This area is one of the most seismically active regions in the western Mediterranean Sea. The area was a site of a large earthquake on 21 May 2003 (M = 6.9), whose localization was 3.6° E and 36.96° N. To compile the earthquake catalog, we have reported only well-documented events that have been revised by different sources (Benouar 1994 , Mokrane et al. 1994 , Yelles Chaouche et al. 2002 and extended data from ISC and CSEM bulletins for the most recent events. As in any compilation, some events are reported several times and a sequential elimination of doublets and redundant events was performed. The compiled catalog covers the period 1980-2003 and consists of 320 shallow events with M 2. The catalog of main shocks has been compiled from the raw earthquake catalog by eliminating the aftershocks using the windowing technique introduced by Gardner and Knopoff (1974) . For each earthquake epicenter, a circular space window and a time window are determined, so that any earthquake occurring within the window is deemed a cluster event. Those are intermediate between the broad range of values of Gardner and Knopoff. The residual catalog includes 70 events with M 3.4. Figure 1 shows the epicenter distribution of earthquakes between 1980 and 2003 after declustering. Descriptive statistics of seismicity of the studied area are detailed in Appendix. The auto similarity parameters: Ȗ-value, fractal dimension D, the relation D-3Ȗ and seismogenic concentration parameter K sr have been calculated in replica zones for space of earthquake preparation and including a determined number of seismic events of M 2 during the time interval 'T = 1.5 years. Each zone (earthquake preparation area) has been divided into elementary volumes of linear dimension 'X = (5-7) L i and depth 'Z = 20 km. The area of aftershocks constituted the boundary of the skeiling field. The choice of the elementary volume dimensions and window 'T duration depends on the size of a source area of an earthquake to be predicted. 
MAGNITUDE ADJUSTMENT BY DISTRIBUTION FUNCTION

Adjustment tests
The sample of 70 seismic events was divided into 9 classes, then reduced to 4 classes, by gathering the 6 last ones in only one class, so that the values of each exceed 5 as the test requires it. It is the H 0 test (null hypothesis) against H 1 test (alternative hypothesis)
where: F(m) indicates the random distribution function of the sampled variable M (magnitude), F 0 (m) is the suggested usual distribution function and m are the values of the random variable M. Initially, the plot histogram of relative frequencies showed that the polygon obtained by Table 1 corresponded to the same shape as the graph of density of the Pareto law. In a second step, the establishment of the cumulative frequencies polygon representing the empirical distribution function (Fig. 2a) showed that it has the same form as the Pareto distribution function (Fig. 2b) . So, the m values followed the Pareto law of parameter Į and have a density function f 0 (m) = (Į/4)(3.4/m) Į+1 if m 3.4, f 0 (m) = 0 else, and a distribution function 
was accepted with an error of Į 0 = 0.01, i.e., the probability of 1 -Į 0 = 0.99, proposing k = 4 classes; 1 A ; Į = 5.25. Table 2 shows the KS test with F(m) = F 0 (m). By comparing D n = max|F n (m) -F(m), which indicates the maximum difference between the empirical distribution function and the Pareto distribution function, and the critical values d n read on the KS table (Kolmogorov 1974) , and setting up Į 0 , we obtained, for D n > d n , the hypothesis H 0 (P(D n > d n ) = Į 0 ), which was rejected with a risk of error of Į 0 . Supposing that D n = 0.099442, n = 70, Į 0 = 0.01, and d n = 0.1916, we obtain D n < 0.19167 and we conclude that the hypothesis H 0 given by formula 2 should not be rejected with a risk of error of Į 0 = 0.01, i.e., the probability of P(D n < d n ) = 1 -Į 0 = 0.99. According to the KS table, Table 2 shows that D n = 0.099442 and d n = 0.19167. For n = 70 and Į 0 = 20% , we have d n = 0.12586; for Į 0 = 10% , we have d n = 0.14431; and for Į 0 = 5%, we have d n = 0.15975. In all three cases, D n = 0.099442 < d n , and, consequently, the hypothesis H 0 is not rejected. We conclude that the two tests confirm that the sampled random variable M is adjusted using the Pareto distribution function with a risk of error of 0.01 (a probability of 99%), i.e. Figure 3 shows the graph of the probability P(M m i ) = 1 -F(m) = ( ) F m . Table 3 gives some probabilities P(M m i ) of the forthcoming earth- 5; 5.5; 6; 6.5; 7; 7.5; 8; 8.5; 9 , and the probabilities of earthquakes for which the magnitude is ranging between m i-1 and m i for i = 2 to 9 (P(m i-1 M m i )) Table 4 gives m q for determined q. We have given 14 values of q and we have obtained 14 magnitudes m q . As an example, a magnitude of 3.5 corresponds to q = 0.2 and a magnitude of 8.5 corresponds to q = 0.992. The probabilistic interpretation of these results is F(3.5) = P(M 3.5) = 0.2, i.e., P(M 3.5) = 0.8 and F(8.5) = P(M 8.5) = 0.992, i.e., P(M 8.5) = 0.008. 
knowing that M i are independent random variables for m 3.4, thus Figure 4 shows three graphics of the function ( ) G m for n = 2, n = 3, and n = 4 earthquakes.
We notice that the probability increases when the sample number n increases. Table 5 gives the probabilities of maximum magnitude of n earthquakes of magnitude m 3.4 falling between given magnitudes a and b. The probability was calculated by the following formula 
Fig. 4. Graph representation of P(max i=1,n M i m) for n = 2, n = 3, and n = 4; m 3.4. 
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Application of the extreme values limiting law
We found that the Pareto distribution function belongs to the Fréchet attraction field of parameter Į = 5.25, i.e. According to the Haan and Ferreira theorem, we can determine the reciprocal function F -1 (m). Figure 5 presents the distribution function of the Fréchet law. This latter allows us to find the maximum probability, as well the probability of having a magnitude less than x. Figure 6 shows the representation of the probability 1 -I Į (m) so that the maximal magnitude is over the value x.
Comparison of the probabilities
When we compare the two following formulas obtained, respectively, by the Pareto law and the extreme values limiting law, we have 
where M 0 is the given magnitude, we can notice that for M 0 = 6.9 and n 30, the absolute difference between the probabilities given by formulas 10 and 11 was 0.04, and the relative error was about 0.7%. For M 0 = 8 and n 30, the absolute difference was about 0.001, and the relative error was 0.4%. Thus, we can say that the probability given by formula 10 appears much more interesting compared to that given by formula 11, because with the latter the probability can be calculated only for rather large number n of seismic events. Indeed, with formula 10, the probability can be calculated for any n and it is possible to give the value of n for a given p, and we have
where the number of earthquakes is
and [.] indicates the whole part.
DISTRIBUTION FUNCTIONS OF THE MOMENT MAGNITUDE SCALE
It is noteworthy that serious constraints affect the magnitude scales in the case of a large local or regional seismic event, such as saturation and discrepancies between scales (Kanamori 1977 , Das et al. 2011 . The moment magnitude scale is physically trustworthy to predict source parameters and strong motion amplitudes (Utsu 2002) . For this reason, we have used the moment magnitude in our model. We used the relation
To determine the distribution function G(x) of Y = logM 0 , we put
Knowing that
we obtain 2 16 2 16 ( ) 3 3
where F is the Pareto distribution function. Since log log .
However, Y = log M 0 , and consequently log log . We determined the quantiles of a given p of G(x), H(y) and the sufficient number of events n so that the random variables Y max and Z max exceed a certain threshold with a given probability. In mathematical terms, we determine x p an y p solutions of the equations G(x p ) = p and H(y p ) = p; then we calculate n such as: 
with q = 1 -p. Table 6 , computed by Eq. 14, gives a number n of sufficient earthquakes which is enough to start, at 99.99% at least, the main seismic shock of a magnitude ( 1 50). Table 7 gives the number of earthquakes of magnitude m 3.5, which is enough to cause an earthquake of a given magnitude and a given probability; e.g., we determinate n such as p (M n m) = p with M n = max i=1,n M i , where M i is a random variable of the magnitude of the i-th earthquake, the value of n being the intersection of the line m and the column p. For the probability p = 0.9999 and the magnitude M 0 = 6.9, we have found n = 373. Thus, we can conclude that when earthquakes of magnitude m 3.4 reach the number of 373, it is possible with a probability of 99.99% to have an earthquake of a magnitude higher than 6.9. For the prob- 20  24  27  31  36  41  46  52  59  65  73  82  91  100  111  122  135  148  162  178  194  213  231  251  273  296  320   2  3  3  4  5  6  7  8  9  11  12  14  15  17  19  22  24  27  30  33  36  40  44  48  53  58  63  69  75  82  89  96  104   2  2  3  3  4  5  5  6  7  8  9  11  12  13  15  17  19  21  23  25  28  31  34  37  41  45  49  53  58  63  58  74  80   1  2  2  3  3  4  5  5  6  7  8  9  10  11  12  14  15  17  19  21  23  26  28  31  34  37  40  44  48  52  57  61  66   1  2  2  2  3  3  4  5  5  6  7  8  8  10  11  12  13  15  16  18  20  22  24  25  29  31  34  37  41  44  48  52  56   1  2  2  2  3  3  3  4  5  5  6  7  7  8  9  10  11  13  14  16  17  19  21  23  25  27  30  32  35  38  41  45  49 to be continued ability p = 0.9999 and the magnitude M 0 = 8, we have found n = 818 and we can also conclude that when earthquakes of magnitude m 3.4 reach the number of 818, we are at a probability of 99.99% possible to expect an earthquake of a magnitude higher than 8. We can notice that the two formulas, 10 and 11, give the same probabilities. For the determination of n = 373 and n = 818, it is enough to substitute p by 0.9999, M 0 = 6.9 and M 0 = 8, respectively, in formula 14. For the probability given by the Fréchet law, we can substitute n by 373 and 818, as well as M 0 by 6.9 and by 8 in relation 12, and we can obtain x = 0.65693269 and x = 0.655844556, respectively. Then, we can substitute m by these numbers in relation 11, and we obtain p = 0.99988591 and p = 0.999894614, respectively. The two results correspond almost to a probability of 99.99%.
PROBABILITIES OF EXPECTED EARTHQUAKES
Relations 21 and 24 permitted us to know the probability to forecast future earthquakes. Table 8 gives the number n of sufficient earthquakes to affirm, with a given probability p, that it will be one event whose decimal logarithm of its moment exceeds a given threshold x 0p . With the same principle, Table 9 gives the number of earthquakes so that the seismic moment variable Z max exceeds a certain threshold for a given probability. We note that an event of some magnitude can occur before the number n of earth- 17  44  94  178  312  404  458  517  582  654  732   14  37  77  147  257  333  378  427  480  540  605   13  33  70  133  234  303  343  388  437  491  549   10  26  54  102  180  233  263  298  335  376  422   9  22  47  89  156  202  229  259  291  327  366   6  15  31  58  102  132  149  168  190  213  239   5  11  24  45  78  101  115  130  146  164  183   4  10  20  37  65  84  95  107  120  135  151   3  8  17  31  55  71  80  91  102  115  128   3  7  15  27  47  61  69  78  88  99  111 quakes associated with it is reached, but with a lower probability. It is enough to observe the tables to realize that the number of earthquakes decreases as the decay of the fixed probabilities. The time interval between strong earthquakes or the seismic cycle is expected to increase along with the magnitude increase as well. The seismic cycle depends on the earthquake energy or magnitude, which, in first approximation, is proportional to a crust block volume that has accumulated a certain potential of elastic energy. The latter result does not contradict the data obtained experimentally Frolov 2010, Sobolev and Ponomarev 2003) . This implies that a stronger earthquake takes more time to be generated and is forecasted by weak seismicity.
STATISTICAL CHARACTERISTICS OF THE SEISMIC REGIME
Recurrence plot slop and the fractal dimension
A tectonic earthquake is a multi stage process. It may be considered as a final step in a determined phase of a discrete failure stochastic process in Earth crust. This process leads to total or partial stress release over the fracture area and continues to be developed in different stresses field. We used the seismic recursive general law with fractal property of seismicity as (Baddari and Frolov 2010, Smirnov et al. 1995) log log log log
where log log log , (Kasahara 1985 , Sadovsky et al. 1991 , Y is the size of the seismoactive region, ȡ, c, ȗ, and ȥ are certain constants, t is the seismic cycle. The deduced relation between the recurrence plot slope Ȗ, the fractal dimension D and the temporal fractal dimension D t is:
Supposing Į § 3 and fixing c = 1 (Smirnov et al. 1995, Baddari and Frolov 1997) , we get
Experimentally, Ȗ § 0.5 and D § 1.5 in average (Smirnov et al. 1995, Baddari and Frolov 2010) ; therefore, we can deduce that in Eq. 30 the constant ȗ § 0, since D t > 0 (D t = 0 means that all earthquakes will occur simultaneously). The equality 30 is equivalent to D = 2Ȗ M , where Ȗ M is the slope of the recurrence curve for magnitudes (Ȗ M = 1.5 Ȗ) (Main et al. 1990 ). The recurrence plot slope Ȗ is calculated by the method of maximum likelihood. The statistical error of the Ȗ-value was calculated as a square root of the asymptotic variance (Kendall and Stuart 1961, Smirnov et al. 2013) :
, where N is the number of seismic events used for estimation of Ȗ. For the measure of the fractal dimension D of a set of seismic events, we have used the cellular evaluation and the correlation and we have interpreted the correlation dimension as the fractal dimension, supposing that seismicity is a near-homogeneous fractal. The correlation dimension D was calculated by applying the algorithm (Sobolev 1995, Baddari and Frolov 1997) 
where C(l) is the correlation integral defined as
N is the number of pairs of seismic events with distances between hypocenters less than l, and m is the number of events. The statistical error of the correlation dimension was estimated by the direct estimation method known as jackknife technique and based on the influence function approach (Huber and Ronchetti 2011, Smirnov et al. 2013) . The estimates of the Ȗ-value and the fractal dimension D of the set of seismic events have been realized in a moving time window over the studied area. We used the windows covered 25 events and were shifted by 10 events. Small errors are noted in windowing process not exceeding ± 0.05. Changes have been recorded for the recurrence plot slope Ȗ in the studied seismically active area of Zemmouri seismoactive region. The Ȗ-value decreased from 0.68 to 0.42 eighteen months before the seismic event of Zemmouri (M = 6.9) of 21 May 2003 (Fig. 9) . The decrease is significant at a level of 0.26. We noted a much smaller variability from the average value (0.68 ± 0.05) in the recurrence graph slope during the period from 1980 up to December 2001 . In this light, the Ȗ-value variability seems to be most promising in med-term prognostication. The earthquake of Zemmouri revealed a diminution of the fractal dimension D from 2.1 to 1.25 eighteen months before the principal event (Fig. 9) . We did not notice any remarkable trend in The decrease of D can be explained by the progressive appearance of local instability in the deformed volume of materials as it approaches macrocracks. The decreases in Ȗ and D values point to the redistribution of failure from the smaller scales to larger ones, which is typical of the preparation process of a tectonic earthquake (Scholz 2010 , Sobolev 2011 .
Variations of the crack concentration parameter in the seismoactive
regions Results of experimental investigations of failure show spatial distributions of cracks in rocks obey the fractal statistics (Sobolev 1995 , Zavyalov 2006 , Baddari et al. 2012 . In a chaotic distribution of microcracks, the probability of the formation of a set of x adjacent cracks, i.e., the transition from delocalization to localization, is act value of the calescence criterion is K * = 3.8, which constitutes the threshold of the transition from the stage of crack accumulation to their start to coalesce and the formation ensembles of clusters in the cracked body (Baddari et al. 2015) . We will use K sr instead of K to characterize the crack concentration parameter of the seismogenic region. K sr decreased to 4.1 ten months before the principal seismic event of Zemmouri (Fig. 10) . The mean value of K sr was 16 ± 2 up to August 2002. Changes in K sr during this period were not significant, which indicates that the accumulation of relatively small cracks (weak earthquakes) occurred in the studied territory. The sharp drop of K sr was clearly observed from September 2002, which testifies to an evolution of avalanche-like coalescence and enlargement of the cracks giving the occurrence of the main event of 21 May 2003. K sr reached 4.2 before the earthquake of Kamchatka of 5 December 1997 (M = 7.9) (Zavyalov 2006) . In other terms, when the parameter K sr attained the critical value of 4-7, the cracks clusterisation acquired a threshold character that caused a relatively quick fault expansion. A quasi-invariance of K sr is noted for zones which are far from epicenters, which confirms the hypothesis of spatial localization of SE in the level of the rupture zone. The values of K sr , before the macrorupture, calculated for the geophysical medium at different scales, are situated in the interval 3-7 (Baddari et al. 2015 , Zavyalov 2006 ).
Changes in percentage of clustering seismic events
The analysis of the variation of variance coefficient of the number of seismic events during the waiting period of a powerful shock (M = 6.9) (Fig. 11) demonstrates that the gradual rise of ruptures in the epicentral zone is accompanied by an increase of the average magnitude M of premonitory seismic events (M min 2) preceding the main shock in the Zemmouri earthquake zone (Fig. 12) . M varied from 2.35 till 2.43 during the period up to December 1998, increased till 2.48 in December 2000 and started to decrease down to 2.35 four to five weeks before the main earthquake. The above account testifies to the assumption that fractures tend to enlarge as the moment of major strong earthquake approaches.
We assumed that two successive seismic events are clustered if the critical distance d cr and the critical time t cr between them is less than the critical values corresponding to these two parameters (Baddari et al. 1996 , Baddari and Frolov 2010 , Sobolev 1995 ; M is the magnitude of the first earthquake in a pair of seismic events and L i is the length of a rupture in the epicenter of an earthquake of a given energy calculated by the empirical relation (Riznichenko 1976 , Sobolev and Ponomarev 2003 , Baddari and Frolov 2010 : log L i [km] = 0.244 log E s (j) -2.266, where E s is the energy of the earthquake. There were noticed three stages of the deformation of the Zemmouri geophysical medium in the variation of the clustering coefficient G% (Fig. 13) . G% is the ratio of the number of clustering small earthquakes Ng (M min 2) to their total number ȈN in the studied seismogenic zone: G% = Ng/ȈN. As a result, three regularities of earthquake clusterization were revealed. The increase of G% in the stage A, reaching 12% ten years before the major event, is associated with the increase of interaction between single fractures in the epicentral area. The reduction in amount of G% during the stage B, reaching about 1% five years prior to a major event, is due to the strain and stress relaxation. The rapid growth of G% during the stage C, reaching 13-15% days or weeks before a major event, is from clustering of single fractures and formation of the seismic main nucleus of the 2003 Zemmouri earthquake. This may be due to failure of relatively strong barriers that prevented a dynamic spread of the fault which is responsible of the coming strong earthquake. 
The Hurst exponent
Generally, the Hurst component H can be any real number between 0 and 1 (Hurst 1965 , Smirnov et al. 1995 . For H > 0.5, the temporal series reveals persistence phenomenon, which increases as H approximates 1. For H < 0.5, a series shows an anti-persistence phenomenon. Drift of H from 0.5 value may serve as a precursor of temporal connectivity of the state of the physical system triggering the process. The computation of H exponent was made for two cases: H = H r , i.e., a distance between hypocenters of two consecutive events when the temporal series z(t) = |r(t i ) -r(t i-1 )|, and for H = H t , i.e., a time interval between two consecutive events when z(t) = t i -t i-1. The Hurst exponents were calculated in a window which included T points and was covered by nonintersecting small windows Ĳ k (k = 1, 2,…). Figures 14-15 show that H t and H r started to increase many months before the principal seismic event of Zemmouri epicentral zone. H r and H t reached 0.68 and 0.65, respectively, 2-3 weeks before the main shock of 21 May 2003 (M = 6.9). H r and H t maintained their values of 0.5 during 17 years till December 1998 and started to mildly increase up to the main shock of May 2003. Significant increments of H r and H t , reaching 0.6, were observed 33-35 months preceding the strong earthquake. In other terms, when the parameters H t > 0.5 and H r > 0.5, the fractures clusterization acquired a certain structure that caused a relatively quick fault expansion. The deformation of the geophysical field was related to the continuation of accumulation of energy which differs from an active zone to another seismic zone by the speed of motion of block rocks and dissipation of energy at different hierarchy levels of the medium. 
DISCUSSION
The magnitudes follow the Pareto law. The magnitude distribution function has been determined using the Ȥ 2 and KS adjustment tests. These nonparametric tests are less constraining, particularly concerning the studied sample size. According to the Von Mises criterion, the Pareto distribution function belongs to the attraction field of the Fréchet limiting law. It should be remembered that the Pareto distribution has been used by numerous researchers, in particular for studies of the extreme value laws (Csikor et al. 2007 , Dahmen et al. 2009 ). The developed methods give the probability of an earthquake of a maximum energy as the result of coalescence of several smaller seismic shocks. We note that an event of some magnitude can occur before reaching the number n of earthquakes associated with it, but with a lower probability.
It should be noted that some constraints affect the magnitude scales in the case of a large local or regional seismic event, such as saturation and discrepancies between scales. The moment magnitude scale is physically transparent, and it is reliable to predict source parameters and strong motion amplitudes (Gusev 1991 , Utsu 2002 . For this reason, the moment magnitude has been used in our model. The statistical estimates of the failure cycle of Zemmouri region are based on the Pareto distribution, which depends on the number of the events with a given magnitude moment threshold (small or low earthquakes). Given the correlation existing between the seismic moment and the magnitudes, probability laws of the distribution functions of the seismic moment were deduced. Some forecast moments of the future earthquakes in the studied area were given. The proposed method makes it possible to determine the required time for which an earthquake may occur with seismic moment greater than a threshold m o with a given probability p. The maximum expected value of the magnitude depends on the considered geological structure of the field and the seismotectonic processes proceeding in the Earth's crust in the Algerian seismoactive area. The irregular distribution of seismic focuses in the area of Zemmouri is related to the discrete structure of the geophysical field. This discreteness remains unchanged over long intervals of time. The return cycles of the large earthquakes in this area under study depend on several conditions existing in the geophysical system in the Earth crust.
The processes of preparation of the earthquake source are reflected in the variation of statistical features of the seismic regime, which can be referred as prognostic anomalies. The decreases of Ȗ, D, and K sr values are caused by coalescing cracks and the formation of larger ones. The decreases are of about 20-80% with respect to their habitual values 10 to 18 months before the principal seismic shock. The diminution of D advanced the decrease of Ȗ.
The values of H t and H r increase, reaching 0.6, 33-35 months before the strong earthquake. This increments of H t and H r (H t > 0.5 and H r > 0.5) are indicative of persistent behavior of seismicity. Similar results were obtained by Zavyalov (2006) , Console et al. (2007 ), Scholz, (2010 , Smirnov et al. (2013) . The parameters D, Ȗ, K sr , H r , and H t of geometric set of seismic events reflect the variation of seismic regime. The antiphased variations of D, Ȗ, K sr , and H r , H t are associated to the gradual clusterization and the expansion of the fractal structure in the geophysical medium under stress.
In other words, the number of the weakest events diminished due to the reduction of the small scale rupture in the rock masses, i.e., the transition of fracturing from lower to higher levels. This conclusion agrees with results of similar analysis obtained by Sobolev (2011), and Potanina et al. (2015) . The interruption of the equivalence D § 3Ȗ may be related to the redistribution of medium stress-strain state as a function of the rupture dimension and of seismic regime evolution preceding and succeeding the principal shock. We note a gradual reinforcement of the ruptures in the formation failure zone accompanied by the increase of the mean magnitude M of week seismic events preceding the principal shock in the zone of Zemmouri. Three stages of the deformation of the geophysical medium are manifested in the variation of the coefficient G of the clustering of minor seismic events. The mass of cluster means the number of seismic events that fill the area of the earthquake preparation zone. This allows us to say that in each seismic part having a rank situated at a fixed set of seismic fractals of lower rank recur independently of this part's dimension.
CONCLUSION
The Ȥ 2 and KS adjustment tests have been used to adjust the Zemmouri seismic data using a distribution function. The magnitudes follow the Pareto law. The results showed that the used Pareto distribution function belongs to the attraction field of the Fréchet law. The limiting extreme values law confirmed the correctness of the adjustment method. The probabilities of various expected earthquakes were computed. Using the moment magnitude scale, a probabilistic model was made to predict the occurrences of strong earthquakes. The Ȗ and D values remain constant, and then decrease until the triggering of the macrofailure (earthquake). The equivalency D § 3Ȗ appeared in the first stage of the seismic cycle, when the stress fields of dispersed seismic events did not overlap and interact. This equivalency started to be violated 18 months before the major earthquake. Lower values of crack concentration parameter K sr were observed 10 months before the main seismic events. H t and H r exponents started to increase 33-35 months be-fore the main shock. The clusterization parameter G% showed three stages in the seismic regime evolution: rise, decrease, and renewed rise prior to the main shock. The average magnitude M of microearhquakes was raised up to the moment of powerful shock. In this light, the significant increments of the studied statistical features indicate that seismic events are clustering in space and seismic states become connected in time many months before the expected strong dynamic event, which corresponds to the stage of crack fusion and growth.
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A p p e n d i x
Other descriptive statistics Figure A1 shows the cumulative number of earthquakes with magnitude Ms 2.0 versus time. Linear trends of seismicity can be depicted for the following time intervals: 1981-1990 and 1990-2001 . Starting from 2001, the number of earthquakes has been increasing abruptly as a consequence of improvements of Algerian seismic network.
In Fig. A2 , we present a histogram of the number of earthquakes per year. The figure shows that most (73%) of the events occurred in the second half of the observation period. Figure A3 depicts the variation of magnitude of completeness with time. The magnitude of completeness is calculated using the maximum curvature method of Woessner and Wiemer (2005) ; we applied a running window technique with 50 events per window and a step of 10 events.
We can observe that during the interval 1985-2001 (Fig. A3 ) Mc mostly oscilated between 3.0 and 3.4. Starting from the year 2001, M has surprisingly low values close to 2.4. This low threshold is almost certainly a result of improving seismic-network performance (e.g., increasing number of stations), leading to greater magnitude sensitivity. Figure A4 depicts the frequency-magnitude relation for the studied source region. Based on maximum curvature procedure (MAXC), the magnitude of completeness was taken equal to 2.8. Using these threshold magnitudes, we derived the Ȗ value of the Gutenberg-Richter relationship and its standard deviation using the maximum likelihood procedure. To estimate the standard error in Ȗ we use the formulae given by Shi and Bolt (1982) . Overall, we find Ȗ = 0.68 ± 0.05 for our studied events. Fig. A4 . FMD of the used earthquake catalog. The b value, or slope of the Gutenberg-Richter law, is computed for magnitudes greater than Mc (by using the maximum-likelihood technique).
